We obtained eight different cell lines in the long-term bone marrow culture system that showed a germ-line configuration of the joining (J) 
INTRODUCTION
B lymphocytes derive from hematopoietic stem cells in bone marrow that also generates myeloid and erythroid elements, but decisive commitment to the lymphoid lineage is championed by deletions that create a functional immunuglobulin (Ig) heavy-chain variable gene (Kincade, 1987) . These deletions occur at a defined stage of lymphoid ontogeny and are characteristic of each lymphocyte clone. Intriguingly, from several tumors bearing a B-lineage marker, it has been possible to obtain cells with myeloid characteristics, such as macrophages (Boyd and Schrader, 1982; Bauer et al., 1986; Holmes et al., 1986 recently been detected in a subset of acute myelogenous leukemias (Seremitis et al., 1987) . Furthermore, cloned pre-B-and B-cell lines from bone marrow cells in E/,t-myc transgenic mice infected with a retrovirus bearing v-raf changed into either mature or immature macrophages, but retained clonotypic Ig gene rearrangements (Klinken et al., 1988) . One interpretation of such observations is that the B and myeloid lineages are unexpectedly close Davidson et al., 1988) . has been defined as a growth and differentiation factor acting on mature murine B cells (Kinashi et al., 1986; Coffman et al., 1988; Takatsu et al., 1988) . Studies on functional properties of rIL-5 revealed that IL-5 acts at least on B cells, T cells, and eosinophils, inducing their growth and differentiation Yokota et al., 1987; 1t3 114 S. KATOH et al. Sanderson et al., 1988; Coffman et al., 1989) . We also reported that IL-5 is at least one growth factor that can sustain growth of Ly-1 positive B-lineage cell lines (Tominaga et al., 1989) . However, the role of IL-5 in proliferation and differentiation of progenitor cells for macrophages is still not clear.
We have now extended our previous studies and established eight different IL-5-dependent Ly (Boyd and Schrader, 1982 (BCL1-B20) were used as controls. MJ88-1 is an IL-5-independent and ST2-dependent pre-B cell line (Migita et al., in press ). Expression of /J-actin was also examined to normalize amounts of mRNA for the analysis (Fig. 5D ). As can be seen in Fig. 5A (Sherr et al., 1985) and plays a role in monocyte differentiation (Sariban et al., 1985) . After 3 weeks of culture, we found growth of Ly-1 / cells (J13GM) with macrophage morphology that had lost surface /z-chain and acquired Mac-1 expression (Fig. 7) . Furthermore, they were nonspecific esterase-positive ( Fig. 8A ) and could ingest latex beads (Fig. 8B) (Dasch and Jones, 1986; Palacios and Leu, 1986; Palacios et al., 1987) . There are at least two possibilities to account for the amazingly high incidence of Ly-1 / B-lineage cells in our culture system. First, it may be related to the age of bone marrow donors used on starting materials for LTBC-W, because-precursors of Ly-1 B cells exist in fetal liver, but are rare in adult bone marrow (Hayakawa et al., 1985) . Second, it may have been caused by IL-5 itself. As shown in Figure  1A , Ly-1 / cells were preferentially detectable when we cultured bone marrow cells from 3-week-old, but not from 8-week-old DBA/2J mouse. Ly-1 / B lineage cells were also enriched in the period of culture only in the presence of IL-5 (Fig. 1B) (Fig. 5 ). MJ88-1 also expressed ;5 mRNA. In contrast, the T-88 cell line that grows in an IL-5-dependent and ST2-independent manner did not express 5 mRNA (unpublished observation), suggesting that ,5 mRNA expression might correlate to stromal-cell dependency rather than IL-5 dependency. A striking feature of cell lines of the J series is that they express higher levels of c-fms mRNA compared with the MJ88-1 line (Fig. 5) (Kincade, 1987) , the absence of cells dine may be one mechanism to control conversion of granulocyte morphology tends to favour direct to macrophage differentiation (Jones, 1985 DBA/2J mice were purchased from CLEA Japan Inc.
Although we provide here the first evidence that (Tokyo). C3H/HeN IL-5 transgenic mice were treatment of nontransformed early B precursor cells produced (Tominaga et al., 1990) and were mainwith 5-azacytidine or GM-CSF, and nontransformed tained in the animal facility of our university.
pre-B cells with GM-CSF provoke this switch, other lymphoid cell lines that could produce macrophages have been described-previously (Boyd and Schrader, Cytokines 1982; Bauer et al., 1986; Holmes et al., 1986 ; Recombinant mouse IL-5 [rIL-5, 2.2x10 units (U)/g Seremetis et al., 1987; Davidson et al., 1988;  protein] was purified from cultured supernatant of Klinken et al., 1988) . HAFTL-3, v-ras transformed IL-5 cDNA-transfected Chinese hamster ovary pre-B lines, spontaneously generated subpopulations (CHO) cells according to the procedures previously of Mac-1 expressing cells (Davidson et al., 1988) , described (Harada et al., 1987) . Human rIL-1 and the macrophage line P388D1 shares immuno-(2.0x10 U/g)and human rIL-2 (4.3 xl0 TM U/g)were globulin rearrangements with the lymphoblastic line. kind gifts by Dr. Y. Hirai (Tokushima Research P388 derived from the same tumor (Bauer et al., Institute, Ohtsuka Pharmaceutical Co., Japan) and 1986). Furthermore, switching to the myeloid lineage Dr. A. Kakinuma (Central Research Division, Takeda occurred frequently when B-lineage cells, from Chemical Industries Ltd., Osaka, Japan), respec-tively). Murine rIL-3 (1.0 xl011 U/g) and murine IL-4 (1.0 xl01 U/g) were kindly provided by Dr. K. Arai (DNAX Research Institute, Palo Alto, CA) and Dr. K. Hama (Ono Central Research Laboratory, Osaka, Japan), respectively. Murine rIL-7 (4.0xl02U/g) (Sudo et al., 1989) , murine rGM-CSF, and murine rIL-6 were generous gifts from Dr. T. Sudo (Biomaterial Research Center, Kamakura). We used tentimes concentrated supernatants as a M-CSF source of L cells (Kincade et al., 1979) .
Reagent and Antibodies
The following monoclonal antibodies were used for the surface staining: fluorescein isotliocyanate (FITC)-conjugated anti-Ly-1 (clone 53-7.3) and antiThy-1, and phycoerythrin (PE)- (prepared according to the procedures previously described (Riggs et al., 1958) ; and supernatants containing anti-Mac-1 M1/70 (Springer et al., 1979) , anti-CD45R (RA3-6B2) (Coffman and Weissman, 1981) , and anti-Lyb-2.1 (clone 9-6.1) (Southern, 1975) (Ogawa et al., 1988) was kindly provided by Dr. S.-I. Nishikawa (Kumamoto University Medical School). IL-5-and ST2-dependent cell lines have been established according to procedures as previously described (Tominaga et al., 1989 (Ogawa et al., 1988) . Cells (10 to 10,000 per well with a threefold dilution) were cocultured with IL-5 (50 U/ml) and GM-CSF (100 U/ ml), or in the presence of GM-CSF alone on the ST2 layer for 4 weeks.
Immunofluorescence Staining and Flow Cytometry Analysis Expression of cell-surface antigen was analyzed by flow cytometry as previously described (Tominaga et al., 1989) . Cells (1 X106) were stained directly with 50/zl of FITC-or PE-conjugated antibody (20/zg/ml) for 20 min on ice and washed three times with 5% FCS-PBS. In some cases, 1 X10 cells were incubated with 50/1 of antibodies (20/zg/ml) for 20 min on ice. After washing once, the cells were then stained with 50/zl of FITC-conjugated anti-rat c-light chain antibody (MAR18.5) (20/g/ml). For analysis, EPICS V (Coulter Co., Hialeah, FL) was used and only the cells within the lymphocyte gate were counted as described (Tominaga et al., 1989 (Southern, 1975; Tominaga et al., 1989 probe, 2.6 kb HindIII-BamHI fragment (Sakano et al., 1981) RNA Analysis RNA was prepared according to the described methods using the acid guanidinium thiocyanatephenol-chloroform method (Chomczynski ,and Sacchi, 1987) . The methods used for Northern blotting are essentially the same as those described by Lehrach et al. (1977) . Twenty micrograms of RNA were electrophoresed through 1.5% agarose horizontal gels in I x MOPS buffer (0.2 M morpholinopropanesulfonic acid s(dium salt, 0.05 M sodium acetate, 0.01 M Na2EDTA (pH is adjusted to 7.0 with acetic acid) (pH 7.0), and 6% formamide at 20 to 30 V for 16 h, and directly transferred to Gene Screen membrane (NEN-Du Pont, NJ). The blot was baked in a vacuum oven for 3 h at 80C. The RNA blot was prehybridized for 8 to 20 h at 42C in the p'ehybridization buffer, which contains 50% (vol/ vol) formamide, 50mM Tris-HC1 (pH 7.5), 1M NaC1, 0.1% sodium pyrophosphate, 1% SDS, denatured salmon sperm DNA at 250/g/ml, .10% dextran sulfate, and 0.2% each of bovine serum albumin, Ficoll, and polyvinylpyrrolidone. After incubation of the RNA blots of 42C with 5 X10 CPM of 32p-labeled DNA fragments in the same buffer, the filters were rinsed with two changes of 0.5 xSSC for 5 min each at room temperature and then washed with two changes of 0.5 xSSC-1% SDS for 15 min each at 65C followed by two changes of 0.1 xSSC at room temperature. Kodak XAR-5 X-ray film was exposed to the filters for 1 to 3 days at -80C, using intensifying screens to obtain autoradiographs. The 32p-labeled DNA probes used were the following: C/ probe, the 1.6-kb Hae II fragment from /-heavy-chain constant region-specific cDNA plasmid (pAB/-I) (Alt et al., 1980) 
